Background Peritoneal carcinomatosis (pcm) in metastatic pancreatic ductal adenocarcinomas (mpdac) is
INTRODUCTION
Pancreatic ductal adenocarcinoma (pdac) is the 4th leading cause of cancer deaths worldwide, and incidence rates are predicted to increase 3% per year 1 . More than 80% of patients with pdac have metastatic or inoperable disease at the time of diagnosis. Despite significant advances in therapeutic modalities, poor outcomes are observed, mainly because of a late diagnosis 2 . Since about 2010, median overall survival (os) in metastatic pdac (mpdac) has increased to 8-11 months from less than 6 months with polychemotherapy regimens such as folfirinox (f luorouracil-irinotecan-leucovorin-oxaliplatin) and gemcitabine with nab-paclitaxel 3, 4 .
Clinical and biologic factors such as performance status (ps), age, thromboembolic events, number of metastatic sites 3, 5 , serum albumin, carbohydrate antigen 19-9 (ca19-9) [6] [7] [8] [9] , lactate dehydrogenase, and circulating markers (C-reactive protein, neutrophil and lymphocyte counts) have been used in clinical practice for prognostication 4, 5 . Some of those factors have been used in developing various prognostic scores: the Glasgow Prognostic Score (gps) and the modified gps (mgps) 10, 11 ; the neutrophil-to-lymphocyte ratio (nlr) [12] [13] [14] [15] and the platelet-to-lymphocyte ratio; the prognostic index; and the prognostic nutritional index. However, none of those scores have been implemented in clinical practice or prospectively investigated in clinical trials. Metastatic sites include mainly liver, peritoneum, and lungs. However, the correlation between sites of metastasis and prognosis has not been sufficiently explored, even though os was reported to be higher in patients with pulmonary metastases only 16 .
Based on our experience, the occurrence of peritoneal carcinomatosis (pcm) correlates with poor prognosis, higher disease-related morbidity, an increased rate of complications, and decreased os. However, few published data on this topic are available [17] [18] [19] [20] . Because of poor overall health status, marked symptoms, and lack of measurable target lesions, patients with pdac and pcm are not usually included in prospective phase ii-iii trials. In addition, conventional imaging is not sensitive enough for efficient pcm diagnosis and precise identification of the burden of pcm 21, 22 . Although the Peritoneal Carcinomatosis Index is regularly evaluated in patients with colorectal cancer, it is not used in pdac because patients are almost never referred to surgeons when pcm is identified 23 .
In the present retrospective study, we sought descriptive data about a population of patients with mpdac and peritoneal involvement, and we report survival data stratified by the time of pcm diagnosis.
METHODS

Data Collection
This series included 48 patients with mpdac and pcm treated at the Centre Léon Bérard between 1 January 2014 and 31 August 2015. Detection of pcm was made by imaging [computed tomography (ct) or integrated positronemission tomography and ct] and was subsequently confirmed by cytology analysis of ascites if feasible. Patient outcomes were analyzed based on the date of pcm diagnosis: group 1 included patients diagnosed at the time of presentation (synchronous); group 2 included patients who developed pcm later in the course of their disease (metachronous). A dedicated radiologist (blinded to clinical outcome) reviewed the medical imaging and determined the date of pcm diagnosis. Demographic and clinical information, including date of cancer diagnosis, American Joint Committee on Cancer stage at presentation, Eastern Cooperative Oncology Group performance status (ecog ps) at presentation, sites of metastasis at presentation, primary tumour location, treatment modalities (surgery, systemic therapy), types of systemic therapy, response rates, lines of treatments, time between diagnosis of pancreatic cancer and occurrence of ascites or peritoneal nodules (or both), symptoms of pcm, method of diagnosis of ascites, biologic parameters at diagnosis (complete blood count, comprehensive metabolic panel, ca19-9), and survival outcomes were collected. All patients were treated according to the American Society of Clinical Oncology guidelines-that is, with palliative chemotherapy and best supportive care 24 .
The folfirinox regimen was given to patients with an ecog ps of 0-1. Gemcitabine was the preferable regimen in patients with an ecog ps of 2. Nab-paclitaxel and erlotinib were not used because those medications were not being reimbursed by national health care in France. Early best supportive care was provided by a multidisciplinary team specialized in pain and symptom management. Imaging by ct was performed every 8-10 weeks to assess tumour response. The disease control rate was defined as the percentage of patients who achieved a partial response or stable disease at the time of the first ct evaluation. All patients signed a written informed consent.
Statistical Analysis
The analysis was performed in October 2017. Descriptive statistics are used to describe patient characteristics. Between-group comparisons were performed using a chisquare or Fisher exact test for categorical data and the nonparametric Wilcoxon test for continuous data. A p value less than 0.05 was considered statistically significant. Survival data, including os and first-line progression-free survival with associated log-rank tests, were estimated using the Kaplan-Meier method. Overall survival was defined as the time from the diagnosis of metastatic cancer to the date of death or censoring at last follow-up. In group 2, os was calculated from the diagnosis of pcm to the date of death or to censoring at last follow-up. First-line progression-free survival was defined as the time from initiation of first-line chemotherapy to the date of first documented progression, death from any cause, or censoring at last follow-up. The SAS software application (version 9.4: SAS Institute, Cary, NC, U.S.A.) was used for all statistical analyses.
RESULTS
Patient Characteristics
The analysis included 48 patients with mpdac and pcm. Table i presents the characteristics of the patients at the time of metastatic evolution. Median age in the group was 61 years (range: 38-83 years), and 26 of the patients (54.2%) were men. The ecog ps was 0-1 in 41 patients and 2 in 7 patients. The primary tumour was in the pancreatic head in 45.8% of the cases.
A pancreatic surgery (Whipple procedure) was performed in 7 patients, and 2 patients were treated with neoadjuvant folfirinox. Of the 7 surgical patients, 1 was diagnosed with liver metastasis during the surgery. In the remaining 6 patients, median time from surgery to the development of metastases was 12.8 months (range: 2-62 months). In addition to pcm, the main sites of metastasis were liver (62.5%) and lung (31.3%). Symptoms were present at the time of diagnosis in 45 patients, with the most frequent symptom being pain (66.7%), followed by bowel symptoms (25%). Median level of ca19-9 was 4.060 IU/L (range: 1-120.000 IU/L). In 14 patients (29.2%), the nlr exceeded 5.
PCM
Table ii presents the characteristics of the metastatic disease in the patients. On imaging, 34 patients had ascites, 32 had nodules, and 19 had both. Cytology confirmation of pcm was obtained in 13 patients (27.1%).
We separated the patients into two groups according to the time of pcm appearance. In 26 patients (54.2%), peritoneal involvement was found at the time of pdac diagnosis (group 1). In 22 patients (45.8%), other metastatic sites came first, and pcm presented later in the disease course (group 2). Two clinical characteristics of major prognostic value were significantly different between the groups: ecog ps was worse (p = 0.011) and nlr more frequently exceeded 5 (p = 0.004) in the patients with synchronous pcm (group 1). The presentation of pcm was also different, with nodules being more frequent in synchronous pcm (80.8% vs. 50%, p = 0.024). Median time to diagnosis of pcm after the occurrence of first metastases in group 2 was 10.2 months (range: 1-32 months).
Treatments
All 48 patients received at least 1 cycle of chemotherapy. In the metastatic setting, 18 patients (37.5%) received 3 or more lines of chemotherapy. The main first-line treatments were folfirinox in 36 patients (75%) and gemcitabine in 11 patients (22.9%). In 1 patient, gemcitabine plus nab-paclitaxel was used as first-line chemotherapy. Less chemotherapy was received by patients with synchronous pcm (group 1) than by patients with metachronous pcm (group 2), p = 0.025.
Outcomes
In the overall study group, median os from metastasis was 10.8 months (95% ci Figure 1 ). In the subgroup of patients treated with folfirinox (n = 36), median os was 13.17 months (95% ci: 5.9 months to 15.4 months). For those 36 patients, a similar trend in os favouring patients with metachronous pcm was observed, median survival being 14.5 months for those with metachronous pcm and 7.1 months for those with synchronous pcm (p = 0.4530, Figure 2 ). Median os in group 2, assessed from the onset of pcm, was 2.27 months (95% ci: 0.89 months to 8.31 months). Progression-free survival with first-line folfirinox was not different according to the timing of the pcm diagnosis: 7.85 months in group 1 (metachronous) compared with 7.29 months in group 2 (synchronous), p = 0.8878.
DISCUSSION
In routine clinical practice, pcm is a common occurrence in patients with mpdac, but only a few studies have specifically described the clinical course of those patients and the effect of pcm on their survival. In the prodige 4/accord 11 study, only 33 (19.5%) and 32 patients (18.7%) with pcm were treated with folfirinox and gemcitabine respectively. In the mpact study, few patients treated with gemcitabine and gemcitabine-nab-paclitaxel were identified as having pcm (3%). Furthermore, few retrospective studies on this topic are available [17] [18] [19] [20] . In the present study, we aimed to describe the clinical and biologic characteristics of patients with pcm and to explore the effect of pcm on their survival.
The median os of 10.81 months (95% ci: 7.16 months to 14.16 months) for our entire population, and of 13.17 months (95% ci: 5.9 months to 15.4 months) for patients treated with folfirinox, are consistent with the literature, in which the median os in patient populations with mpdac is 11.1 months with folfirinox and 8.5 months with gemcitabine-nab-paclitaxel 3, 4 . Furthermore, the characteristics of our patients were similar to those of the patients included in phase iii clinical trials. Their general ps (ecog ≤2) allowed for administration mainly of folfirinox chemotherapy (75% of patients). Similarly, Hicks et al. 18 showed a median os of 12 months in a retrospective analysis of 180 patients treated at Memorial Sloan Kettering Cancer Center, thus comparing favourably with our results. That group found that time from diagnosis to ascites presentation was 11 months, within a timeframe comparable to that seen in our patients-that is, the median of 10.2 months (range: 1-32 months) to peritoneal involvement after the occurrence of metastases at other sites. Survival duration after the appearance of ascites was 1.8 months, but only 44% of the patients had received chemotherapy at that time 18 . In another series that reviewed the clinical course of 73 patients with pdac and cytologically confirmed malignant ascites, Takahara et al. 17 reported shorter os in patients presenting with metachronous ascites than in those presenting with synchronous ascites (42 days vs. 115 days). However, very few patients were treated with chemotherapy, which might account for the discordance with our results. We also demonstrated that, compared with pcm that occurs later in the course of the disease, synchronous pcm plays a role as a poor prognostic factor in patients with mpdac (median os: 7.1 months; 95% ci: 4.2 months to 10.4 months; p = 0.1296). That median os of 7.1 months is also inferior to results observed in recent phase iii clinical trials in mpdac 3, 4 . We observed that patients with synchronous pcm also had a poorer ecog ps and more often had a nlr exceeding 5, [50% in group 1 (synchronous) vs. 9.5% in group 2 (metachronous), p = 0.004]. It has already been shown that pcm is accompanied by a cellular inflammatory response. Indeed, peritoneal macrophages produce mediators such as transforming growth factor β, interleukin 6, and epidermal growth factor, which are themselves responsible for tumour growth 24, 25 . Our study is the first to suggest a link between synchronous pcm and a high nlr in pdac. The most commonly cited prognostic factors in mpdac are ecog ps, primitive localization of the tumour, and presence of liver metastases. Those factors are frequently used for stratification in clinical trials 3, 4, 26 . The impact of a nlr exceeding 4 or 5 has also previously been reported as a reliable indicator of poor prognosis in all solid tumours and especially in pdac 12, 14 . A high nlr, typically as a result of a relatively elevated neutrophil count and a decreased lymphocyte count in cancer patients, reflects the systemic inflammatory response and the patient's inflammatory state. High C-reactive protein and low serum albumin are other well-known prognostic factors in pancreatic cancer, revealing a chronic systemic inflammatory state in the patient, and implying poor prognosis 10 . Prognostic scores making use of many of those factors, such as the gps and mgps, were subsequently developed. Other prognostic factors-biologic and clinical-have been investigated, ca19-9 being the marker most extensively studied [6] [7] [8] [9] . However, in our series, ca19-9 did not differ significantly between the groups and did not appear to be a prognostic factor.
Our study is limited by its retrospective design and the small sample size, which might explain its lack of statistical power with respect to prognostic factors. It could be interesting to prospectively study all those biologic and clinical criteria (including synchronous pcm) to identify the most significant ones so that they could be used as stratification factors in clinical trials.
We acknowledge that the characterization and medical management of pcm remain challenging in 2019. Physicians are faced with morphologic characteristics that can often be complex. The diagnosis is usually based on ct imaging identifying any or all of ascites, involvement of the greater omentum, invasion of the mesentery, and tumour implants (nodules) 21, 22, 27 . Recent studies have indicated that magnetic resonance imaging is the most accurate method for evaluating the pcm index 28, 29 . Nonetheless, given a current lack of access to magnetic resonance imaging technology, and in the absence of consensus concerning the best method for establishing a diagnosis of pcm, the debate is still ongoing 30 . Lastly, contrary to situation for pcm of colorectal origin, surgical exploration of the abdomen and pelvis is never performed in patients with pdac, precluding the use of the pcm index to determine disease extent. In the present series, we used ct and integrated positron-emission tomography and ct imaging for the pcm diagnosis, because we now know that many patients with pcm can have negative cytology results. Notably, we required all medical imaging to be reviewed by a dedicated radiologist, which further strengthens the validity of our data.
Treating patients with pcm can be difficult; dedicated palliative care guidelines for managing pcm are few 31 . In particular, the European Society for Medical Oncology clinical practice guideline proposes no specific recommendations in pancreatic cancer 2 . Chemotherapy and treatments for symptoms are the only therapeutic options available. Of those options, corticosteroids and anti-secretory agents (such as scopolamine and somatostatin analogs) are often effective for symptom relief. Scopolamine butylbromide and octreotide was compared for efficacy in a prospective series of 17 patients 32 . Octreotide was a more effective treatment than scopolamine in reducing the volume of secretions, but no proof of an association with improvement in quality of life and general status has been demonstrated. In 2012, the efficacy of lanreotide, a somatostatin analog, was demonstrated in a randomized placebo-controlled phase iii trial that enrolled 80 patients with pcm, including 5 patients with mpdac 33 . One injection of lanreotide 30 mg decreased daily episodes of vomiting after nasogastric tube removal at day 7. Lanreotide is now currently used to treat symptoms resulting from inoperable bowel obstruction from pcm.
CONCLUSIONS
The results of the present study indicate that the presence of pcm is a poor prognostic factor in patients with pdac, especially when it is found at the time of pdac diagnosis. Our study also revealed a new insight about the nlr in mpdac. Confirmation of our results and comparisons with other prognostic factors in larger studies are needed. The diagnosis of and symptom control for pcm remain challenging issues in 2019, providing an opportunity to make significant progress for affected patients.
